Introduction {#S0001}
============

Esophageal cancer, one of the most common malignant tumors, is the eighth most common cancer globally.[@CIT0001] It is estimated that there will be approximately 455,800 new cases and 400,200 deaths caused by esophageal cancer yearly around the world.[@CIT0002] Esophageal cancer can be subdivided into two main histological subtypes: esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma.[@CIT0003] ESCC, the main subtype of esophageal cancer, accounts for \~90% of all esophageal cancer cases.[@CIT0004] Despite remarkable advances in diagnostic and therapeutic techniques in the past decades, clinical outcomes of patients with ESCC remain unsatisfactory, with a dismal 5-year survival rate (less than 20%).[@CIT0005] Metastasis, recurrence, and resistance to chemo- and radiotherapy are major contributors to the poor prognosis of patients with ESCC.[@CIT0006] Therefore, detailed investigation of the molecular mechanisms responsible for ESCC initiation and progression is urgently needed to facilitate the identification of novel diagnostic biomarkers and effective therapeutic targets in ESCC.

Noncoding RNAs are a family of transcripts with no protein-coding ability.[@CIT0007] According to their size and shape, they can be categorized into microRNAs (miRNAs), long noncoding RNAs (lncRNAs), and circular RNAs.[@CIT0008] LncRNAs are a group of RNA molecules longer than 200 nt; they can modulate gene expression through interactions with miRNAs, thereby attenuating miRNA-driven translational inhibition and/or mRNA degradation.[@CIT0009] LncRNAs can regulate gene expression via other mechanisms too, including transcriptional modulation, chromatin remodeling, histone modification, and effects on mRNA splicing and stability.[@CIT0010]--[@CIT0012] Aberrant lncRNA expression in ESCC has been widely reported and is implicated in multiple malignant characteristics of ESCC.[@CIT0013]--[@CIT0015] LncRNAs play an important part during ESCC initiation and progression by performing either oncogenic or tumor-suppressive functions.[@CIT0016]--[@CIT0018] These observations have collectively uncovered the crucial regulatory role of lncRNAs in the pathogenesis of ESCC, suggesting that lncRNAs might be promising targets for the diagnosis, prognosis, prevention, and treatment of ESCC.

Some studies have identified the crucial involvement of lncRNA *FGD5-AS1* in several types of human cancer.[@CIT0019]--[@CIT0021] Nevertheless, to our knowledge, the expression and functions of *FGD5-AS1* in ESCC have not yet been elucidated. Accordingly, the aims of our study were to determine the expression status of *FGD5-AS1* in ESCC and investigate its regulatory roles in ESCC progression. In addition, we uncovered the mechanisms by which *FGD5-AS1* exerts its oncogenic actions in ESCC cells in vitro and in vivo.

Materials and Methods {#S0002}
=====================

Tissue Sample Collection {#S0002-S2001}
------------------------

The study protocol was approved by the Ethics Committee of Heze Municipal Hospital; the study was conducted in accordance with the principles of the Helsinki Declaration. All subjects provided written informed consent prior to their enrollment in this study. All mandatory laboratory health and safety procedures were complied with in the course of conducting all the experimental work reported in this paper. Human ESCC tissue samples and paired normal adjacent tissue samples were obtained from 53 patients with ESCC in Heze Municipal Hospital. None of these patients had received preoperative chemotherapy, radiotherapy, or other anticancer treatments. All tissues were separated, immediately frozen in liquid nitrogen, and stored at −80 °C.

Cell Lines {#S0002-S2002}
----------

Human ESCC cell lines, TE-1, KYSE150, KYSE70, and Eca109, were obtained from the Shanghai Institute of the Chinese Academy of Sciences (Shanghai, China). A normal human esophageal epithelial cell line, HET-1A, was acquired from the American Type Culture Collection (Manassas, VA, USA). Dulbecco's modified Eagle's medium (DMEM; Gibco, Grand Island, NY, USA) containing 10% of fetal bovine serum (FBS; Gibco), 100 U/mL penicillin, and 100 μg/mL streptomycin (Gibco) was used for cell culture. Cells were maintained at 37 °C in a humidified incubator supplied with 5% of CO~2~.

Transfection {#S0002-S2003}
------------

The small interfering RNA (siRNA) specific to *FGD5-AS1* (si-FGD5-AS1) and negative control siRNA (si-NC) were purchased from GenePharma (Shanghai, China). To alter the expression of miR-383, miR-383 agomir (agomir-383) and miR-383 antagomir (antagomir-383) were purchased from RiboBio (Guangzhou, China). The corresponding negative controls (agomir-NC and antagomir-NC) were synthesized by GenePharma (Shanghai, China). To increase the expression of SP1, plasmid pcDNA3.1-SP1 (pc-SP1) was constructed by Sangon Biotech (Shanghai, China); they also supplied the empty pcDNA3.1 vector. The above agomir, antagomir, siRNA, and/or plasmids were transfected into cells using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). The success of transfection was verified via reverse-transcription quantitative polymerase chain reaction (RT-qPCR) or Western blotting.

RT-qPCR {#S0002-S2004}
-------

Total RNA was isolated from tissues or cultured cells and quantified, respectively, using the TRIzol Reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and Nanodrop 2000 (NanoDrop Technologies; Thermo Fisher Scientific, Inc.). To analyze *SP1* mRNA and *FGD5-AS1* levels, the isolated total RNA was reverse-transcribed using the PrimeScript RT Reagent Kit (Takara Biotechnology Co., Ltd., Dalian, China); subsequently, qPCR was carried out on an Applied Biosystems 7500 Fast Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.) using SYBR Premix Ex Taq™ (Takara Biotechnology Co., Ltd.). Expression levels of *SP1* mRNA and *FGD5-AS1* were normalized to those of the *U6* small nuclear RNA. For miR-383 expression measurement, the miScript Reverse Transcription Kit and miScript SYBR Green PCR Kit (both from Qiagen GmbH, Hilden, Germany) were employed to perform reverse transcription and qPCR, respectively. The *U6* small nuclear RNA served as the endogenous control to normalize miR-383 expression data. All the samples were analyzed in triplicate, and relative expression was calculated using the 2^−ΔΔCq^ method.[@CIT0022]

Cell Counting Kit-8 (CCK-8) Assay {#S0002-S2005}
---------------------------------

Preparation of a transfected-cell suspension was conducted 24 h after transfection. Hundred microliters of a cell suspension containing 2 × 10^3^ cells was seeded in each well of 96-well plates. To quantitate cellular proliferation, the cells were incubated with 10 μL of the CCK-8 solution (Dojindo Molecular Technologies, Inc., Kumamoto, Japan) at 37 °C for 2 h. The optical density was measured at a wavelength of 450 nm on a microplate reader (BioTek, Winooski, VT, USA). The CCK-8 assay was carried out at 0, 24, and 48 h after cell seeding, and a growth curve was plotted accordingly.

Flow Cytometry {#S0002-S2006}
--------------

Cells transfected with the aforementioned plasmids and/or oligonucleotides were harvested at 48 h post-transfection, washed with precooled phosphate-buffered saline, centrifuged at 2000 rpm for 10 min, and subjected to the quantification of apoptosis using the Annexin V-Fluorescein Isothiocyanate (FITC) Apoptosis Detection Kit (Biolegend, San Diego, CA, USA). In short, the supernatant was removed and the cells were resuspended in 100 µL of 1× binding buffer; then, the cells were labeled with 5 µL of annexin V-FITC and 10 µL of a propidium iodide solution. After incubation for 15 min in the dark, the rate of apoptosis was analyzed on a flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).

Transwell Migration and Invasion Assays {#S0002-S2007}
---------------------------------------

Transfected cells that had undergone 48 h of incubation were trypsinized and resuspended in FBS-free DMEM. The concentration of the cell suspension was adjusted to 10^5^ cells/mL. Transwell chambers (8.0 µm pore size; Corning Inc., Corning, NY, USA) precoated with Matrigel (BD Biosciences) were used for the Transwell invasion assay, whereas the migration assay was carried out in Transwell chambers that were not coated with Matrigel. For each assay, 200 μL of a cell suspension was added into the upper compartment of the Transwell chambers and 600 μL of DMEM containing 20% of FBS (as a chemoattract) was added into the bottom compartments. After 24 h cultivation at 37 °C, nonmigratory and noninvasive cells were carefully wiped off with a cotton swab. The migratory or invasive cells were fixed with 95% ethanol and stained with 0.5% crystal violet. The images of stained cells were captured to determine the number of migratory or invasive cells using an inverted microscope (Olympus, Tokyo, Japan).

In vivo Tumor Xenograft Experiment {#S0002-S2008}
----------------------------------

The animal experimental protocols were approved by the Animal Care and Use Committee of Heze Municipal Hospital. All experimental steps were in accordance with the Animal Protection Law of the People's Republic of China-2009 for experimental animals. BALB/c nude mice (4--6 weeks old) were purchased from Beijing HFK Bioscience (Beijing, China) and maintained under specific pathogen-free conditions.

Plasmids expressing *FGD5-AS1*-targeting short hairpin RNA (pLKO.1-sh-FGD5-AS1) or negative control short hairpin RNA (pLKO.1-sh-NC) were acquired from GenePharma. To establish stable knockdown cell lines, either pLKO.1-sh-FGD5-AS1 or pLKO.1-sh-NC was introduced into cells using Lipofectamine 2000. TE-1 cells were transfected with a lentivirus containing either pLKO.1-sh-FGD5-AS1 or pLKO.1-sh-NC and were selected with 2 μg/mL puromycin. In total, 5 × 10^6^ TE-1 cells stably transfected with either sh-FGD5-AS1 or sh-NC were subcutaneously injected into a flank of each nude mouse. The size (width and length) of the resultant tumor xenografts in groups "sh-FGD5-AS1" and "sh-NC" was measured starting on day 10 for 1 month; their volume was calculated using the following formula: 0.5 × length × width^2^. All mice were euthanized at 30 days after the cell injection, and the tumor xenografts were excised and analyzed by RT-qPCR and Western blotting.

Bioinformatic Prediction {#S0002-S2009}
------------------------

The starBase 3.0 software ([<http://starbase.sysu.edu.cn/>]{.ul}) was utilized to predict *FGD5-AS1*--miRNA interaction. Additionally, putative targets of miR-383 were predicted in three bioinformatic databases: TargetScan ([<http://www.targetscan.org/>]{.ul}), miRDB ([<http://mirdb.org/>]{.ul}), and starBase 3.0.

An RNA Immunoprecipitation (RIP) Assay {#S0002-S2010}
--------------------------------------

The Magna RIP RNA-Binding Protein Immunoprecipitation Kit (Millipore, Bedford, MA, USA) was used for the RIP assay, to assess the interaction between *FGD5-AS1* and miR-383 in ESCC cells. The cells were lysed in RNA immunoprecipitation buffer. The magnetic beads conjugated with either a human anti-AGO2 antibody (Millipore) or IgG control (Millipore) were then incubated with the whole-cell extracts. After digestion of the protein using proteinase K, the immunoprecipitated RNA was analyzed via RT-qPCR.

A Luciferase Reporter Assay {#S0002-S2011}
---------------------------

The fragment of the 3′-untranslated region (UTR) of *SP1* containing either the wild-type (wt) miR-383-binding site or the mutant (mut) site was amplified by GenePharma and inserted into the pmirGLO Dual-Luciferase reporter vector (Promega, Madison, WI, USA), thereby resulting in reporter vectors SP1-wt and SP1-mut. To evaluate the direct interaction between *FGD5-AS1* and miR-383, reporter plasmids FGD5-AS1-wt and FGD5-AS1-mut were chemically synthesized via similar experimental steps. For the reporter assay, a luciferase reporter vector was cotransfected with either agomir-383 or agomir-NC into ESCC cells that were seeded in 24-well plates. After 48 h incubation, the transfected cells were collected and the luciferase activity was evaluated in the Dual-Luciferase Reporter Assay (Promega). The level of *Renilla* luciferase activity served as the control for the normalization of firefly luciferase activity.

Western Blotting {#S0002-S2012}
----------------

The extraction of total protein was carried out using RIPA lysis buffer (Beyotime Biotechnology, Shanghai, China). Total protein in the cell lysates was quantitated by the bicinchoninic acid (BCA) assay (Beyotime Biotechnology). Equal amounts of protein were resolved by sodium dodecyl sulfate 10% polyacrylamide gel electrophoresis and then transferred to polyvinylidene difluoride membranes. Next, 5% defatted milk powder dissolved in Tris-buffered saline (TBS) containing 0.1% of Tween 20 (TBS-T) was used to blocking the membranes at room temperature for 2 h. After incubation with primary antibodies overnight at 4 °C, the membranes were extensively washed with TBS-T, incubated with a horseradish peroxidase-conjugated secondary antibody (1:5000 dilution in TBS-T; cat. No. sc-516102; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at room temperature for 1 h, and finally subjected to protein signal detection via enhanced chemiluminescence using the ECL Kit (Pierce; Thermo Fisher Scientific, Inc.). An anti-SP1 antibody (1:1000; cat. No. sc-17824) (primary antibody) was purchased from Santa Cruz Biotechnology, and an anti-GAPDH antibody (1:1000; cat. No. sc-69778, Santa Cruz Biotechnology) was employed to set up a loading control.

Statistical Analysis {#S0002-S2013}
--------------------

All results are presented as the means ± standard error from experiments repeated at least three times. Correlations between *FGD5-AS1* expression and clinical parameters of patients with ESCC were analyzed via the χ2 test. One-way analysis of variance (ANOVA) followed by the Bonferroni--Dunn test was conducted to evaluate the differences among multiple groups. A comparison between two groups was made using Student's *t*-test. The Kaplan--Meier method and logrank test were used to examine the correlation between overall survival and *FGD5-AS1* expression among patients with ESCC. Spearman correlation analysis was performed to study the correlation between *FGD5-AS1* and miR-383 expression levels in ESCC tissue samples. All statistical analyses were conducted using SPSS 19.0 software (IBM SPSS, Armonk, NY, USA), with a P value less than 0.05 indicating statistical significance.

Results {#S0003}
=======

*FGD5-AS1* Is Overexpressed in ESCC Tumors and Cell Lines {#S0003-S2001}
---------------------------------------------------------

To gain insight into the expression pattern of *FGD5-AS1* in ESCC, its levels in 53 pairs of ESCC tissue samples and normal adjacent tissues were determined via RT-qPCR. The results revealed that the expression of *FGD5-AS1* was higher in ESCC tissue samples than in the normal adjacent tissues ([Figure 1A](#F0001){ref-type="fig"}, P \< 0.05).Figure 12*FGD5-AS1* is highly expressed in ESCC. (**A**) Expression of *FGD5-AS1* was analyzed using RT-qPCR in 53 pairs of ESCC tissue samples and normal adjacent tissues. \*P \< 0.05 vs normal adjacent tissues. (**B**) RT-qPCR was carried out to measure *FGD5-AS1* expression in four ESCC cell lines (TE-1, KYSE150, KYSE70, and Eca109) and in a normal human esophageal epithelial cell line, HET-1A. \*P \< 0.05 vs HET-1A cells. (**C**) The Kaplan--Meier method and logrank test were applied to examine the correlation between *FGD5-AS1* expression and overall survival among patients with ESCC. P = 0.033.

The expression of *FGD5-AS1* was also tested in four ESCC cell lines (TE-1, KYSE150, KYSE70, and Eca109) and in a normal human esophageal epithelial cell line: HET-1A. The results of RT-qPCR indicated that *FGD5-AS1* was upregulated in all four ESCC cell lines in comparison with HET-1A cells ([Figure 1B](#F0001){ref-type="fig"}, P \< 0.05). As *FGD5-AS1* was more strongly expressed in TE-1 and Eca109 cells compared to KYSE150 and KYSE70 cells, subsequent functional assays were performed on the first two cell lines.

To address the clinical value of *FGD5-AS1* in ESCC, the ESCC tissue samples were classified into either the *FGD5-AS1* high-expression group or *FGD5-AS1* low-expression group on the basis of the *FGD5-AS1* median level among the ESCC tissue samples. Higher expression of *FGD5-AS1* was found to correlate with tumor size (P = 0.024), TNM stage (P = 0.027), and lymph node metastasis (P = 0.021) among the patients with ESCC ([Table 1](#T0001){ref-type="table"}). In addition, patients in the *FGD5-AS1* high-expression group showed shorter overall survival compared to the patients in the *FGD5-AS1* low-expression group ([Figure 1C](#F0001){ref-type="fig"}, P = 0.033).Table 1The Correlation Between FGD5-AS1 Expression and the Clinicopathological Parameters in Patients with Esophageal Squamous Cell CarcinomaParametersFGD5-AS1 ExpressionP-valueHighLow**Age (years)**0.347 \< 601012 ≥ 601714**Gender**0.398 Male1518 Female128**Tumor size (cm)**0.024\* \< 51220 ≥ 5156**Differentiation status**0.583 Well and moderately1416 Poor1310**TNM stage**0.027\* I--II1119 III167**Lymph node metastasis**0.021\* Negative1321 Positive145[^2]

The *FGD5-AS1* Knockdown Inhibits the Growth and Metastasis of ESCC Cells {#S0003-S2002}
-------------------------------------------------------------------------

To directly investigate whether *FGD5-AS1* is implicated in the malignancy of ESCC, si-FGD5-AS1 was transfected into TE-1 and Eca109 cells to reduce *FGD5-AS1* expression in the two cell lines. RT-qPCR analysis of TE-1 and Eca109 cells verified the success of the *FGD5-AS1* knockdown by si-FGD5-AS1 transfection ([Figure 2A](#F0002){ref-type="fig"}, P \< 0.05). To assess the influence of the *FGD5-AS1* knockdown on the proliferation and apoptosis of ESCC cells, the CCK-8 assay and flow-cytometric analysis were performed on the *FGD5-AS1*--deficient TE-1 and Eca109 cells. As indicated in [Figure 2B](#F0002){ref-type="fig"} and [C](#F0002){ref-type="fig"}, the knockdown of *FGD5-AS1* obviously decreased proliferation (P \< 0.05) and enhanced the apoptosis (P \< 0.05) of TE-1 and Eca109 cells. Furthermore, Transwell migration and invasion assays were conducted to determine cellular migration and invasion. A significant decrease in the migratory ([Figure 2D](#F0002){ref-type="fig"}, P \< 0.05) and invasive ([Figure 2E](#F0002){ref-type="fig"}, P \< 0.05) abilities of TE-1 and Eca109 cells was observed upon transfection with si-FGD5-AS1. In short, *FGD5-AS1* was found to serve as an oncogenic lncRNA in ESCC cells in vitro.Figure 2The *FGD5-AS1* knockdown restricts the proliferation, migration, and invasiveness and induces apoptosis of TE-1 and Eca109 cells. (**A**) Si-FGD5-AS1 was used to knock down endogenous *FGD5-AS1* in TE-1 and Eca109 cells, and this knockdown was verified via RT-qPCR. \*P \< 0.05 vs the si-NC group. (**B, C**) The proliferation and apoptosis of *FGD5-AS1*-deficient TE-1 and Eca109 cells were evaluated by the CCK-8 assay and flow cytometry. \*P \< 0.05 compared with group "si-NC." (**D, E**) Transwell migration and invasion assays were conducted to assess the migration and invasiveness of the *FGD5-AS1* knockdown TE-1 and Eca109 cells. \*P \< 0.05 vs group si-NC.

*FGD5-AS1* Interacts with miR-383 and Sponges miR-383 in ESCC Cells {#S0003-S2003}
-------------------------------------------------------------------

To illustrate the mechanism by which *FGD5-AS1* enhances the malignant characteristics of ESCC cells, a potential target miRNA of *FGD5-AS1* was predicted using StarBase 3.0. The bioinformatic prediction indicated that *FGD5-AS1* ([Figure 3A](#F0003){ref-type="fig"}) carries a putative binding site for miR-383. The latter was chosen for experimental verification because this miRNA has frequently been implicated in multiple types of human tumors.[@CIT0023]--[@CIT0027] The luciferase reporter assay was performed to test whether miR-383 can directly bind to *FGD5-AS1* in ESCC cells. Either reporter plasmid FGD5-AS1-wt or FGD5-AS1-mut was transfected into TE-1 and Eca109 cells along with either agomir-383 or agomir-NC. First, the transfection efficiency was verified in these TE-1 and Eca109 cells through quantitation of miR-383 by RT-qPCR ([Figure 3B](#F0003){ref-type="fig"}, P \< 0.05). The cotransfection of FGD5-AS1-wt and agomir-383 notably decreased the luciferase activity (P \< 0.05); however, no change in the luciferase activity of FGD5-AS1-mut-transfected TE-1 and Eca109 cells was seen in the presence of agomir-383 ([Figure 3C](#F0003){ref-type="fig"}). Furthermore, the RIP assay indicated that miR-383 was substantially enriched in the presence of *FGD5-AS1* in both TE-1 and Eca109 cells ([Figure 3D](#F0003){ref-type="fig"}, P \< 0.05).Figure 3MiR-383 is a target of *FGD5-AS1* in ESCC cells. (**A**) The schematic diagram of the wild-type (wt) and mutated (mt) miR-383--binding sequences within *FGD5-AS1*. (**B**) Agomir-383 was introduced into TE-1 and Eca109 cells to increase miR-383 levels. \*P \< 0.05 vs group "agomir-NC."(**C**) The luciferase reporter vectors harboring either the wild-type or mutated miR-383--binding site were synthesized and cotransfected with either agomir-383 or agomir-NC into TE-1 and Eca109 cells. Luciferase activity was measured after 48 h of incubation. \*P \< 0.05 compared with the agomir-NC group. (**D**) The RIP assay was carried out, and expression of miR-383 and *FGD5-AS1* was measured in the immunoprecipitate of either the anti-AGO2 antibody or IgG control from the lysates of TE-1 and Eca109 cells. \*P \< 0.05 vs the IgG group. (**E**) TE-1 and Eca109 cells were transfected with either si-FGD5-AS1 or si-NC. At 48 h post-transfection, total RNA was extracted and subjected to RT-qPCR analysis for the measurement of miR-383 expression. \*P \< 0.05 vs group si-NC. (**F**) MiR-383 expression in 53 pairs of ESCC tissue samples and normal adjacent tissues was tested via RT-qPCR. \*P \< 0.05 compared with normal adjacent tissues. (**G**) The correlation between miR-383 and *FGD5-AS1* expression levels among the 53 ESCC tissue samples was assessed by Spearman correlation analysis. r = --0.5352, P \< 0.0001.

We next determined whether miR-383 could be sponged by *FGD5-AS1* in ESCC cells. RT-qPCR analysis was carried out to measure miR-383 expression in TE-1 and Eca109 cells after transfection with either si-FGD5-AS1 or si-NC; the results revealed that the knockdown of *FGD5-AS1* substantially increased miR-383 expression ([Figure 3E](#F0003){ref-type="fig"}, P \< 0.05). Furthermore, the expression of miR-383 was measured by RT-qPCR in the 53 pairs of ESCC tissue samples and normal adjacent tissue samples. The data showed that miR-383 was significantly underexpressed in the ESCC tissue samples compared to the normal adjacent tissues ([Figure 3F](#F0003){ref-type="fig"}, P \< 0.05), thereby manifesting an inverse correlation with *FGD5-AS1* expression in the ESCC tissue samples ([Figure 3G](#F0003){ref-type="fig"}; r = --0.5352, P \< 0.0001). These results collectively identified miR-383 as a target of *FGD5-AS1* in ESCC cells.

*FGD5-AS1* Functions as a Competing Endogenous RNA (ceRNA) for miR-383 and Thereby Increases SP1 Expression {#S0003-S2004}
-----------------------------------------------------------------------------------------------------------

According to the three bioinformatic databases, the seed region of miR-383 contains a sequence complementary to a site in the 3′-UTR of *SP1* mRNA ([Figure 4A](#F0004){ref-type="fig"}). The luciferase reporter assay was conducted to confirm the binding of miR-383 to the 3′-UTR of *SP1* mRNA in ESCC cells. The luciferase activity of reporter plasmid SP1-wt was dramatically lower in miR-383-overexpressing TE-1 and Eca109 cells (P \< 0.05), whereas the mutation of the miR-383-binding site abrogated the negative impact of miR-383 upregulation on the luciferase activity ([Figure 4B](#F0004){ref-type="fig"}). To test whether the expression of SP1 was reduced by miR-383, agomir-383 was utilized to increase the miR-383 level; then, we carried out RT-qPCR and Western blotting to respectively measure SP1 mRNA and protein amounts. The mRNA ([Figure 4C](#F0004){ref-type="fig"}, P \< 0.05) and protein ([Figure 4D](#F0004){ref-type="fig"}, P \< 0.05) levels of SP1 were lower in TE-1 and Eca109 cells after transfection with agomir-383. In addition, *SP1* mRNA expression was higher in ESCC tissue samples than in normal adjacent tissues ([Figure 4E](#F0004){ref-type="fig"}, P \< 0.05). Spearman correlation analysis proved an inverse correlation between *SP1* mRNA and miR-383 expression levels among the 53 ESCC tissue samples ([Figure 4F](#F0004){ref-type="fig"}; r = --0.5854, P \< 0.0001). These results provided sufficient evidence that *SP1* is a direct target gene of miR-383 in ESCC cells.Figure 4*FGD5-AS1* functions as a ceRNA for miR-383 and thereby enhances SP1 expression (**A**) The predicted binding site for miR-383 in the 3′-UTR of *SP1* mRNA. The mutated binding sequence is depicted too. (**B**) The luciferase activity in TE-1 and Eca109 cells cotransfected with either SP1-wt or SP1-mut and either agomir-383 or agomir-NC was detected in the luciferase reporter assay. \*P \< 0.05 vs group "agomir-NC." (**C, D**) RT-qPCR and Western blotting were carried out to quantitate SP1 mRNA and protein expression in TE-1 and Eca109 cells following agomir-383 or agomir-NC transfection. \*P \< 0.05 vs the agomir-NC group. (**E**) Analysis of *SP1* mRNA expression in the 53 pairs of ESCC tissue samples and normal adjacent tissues was conducted by RT-qPCR. \*P \< 0.05 vs normal adjacent tissues. (**F**) The inverse correlation between *SP1* mRNA and miR-383 expression levels among the 53 ESCC tissue samples was identified in Spearman correlation analysis. r = --0.5854, P \< 0.0001. (**G, H**) The mRNA and protein expression of SP1 in *FGD5-AS1*-deficient TE-1 and Eca109 cells was quantified via RT-qPCR and Western blotting, respectively. \*P \< 0.05 compared with group si-NC. (**I**) The correlation between *FGD5-AS1* and SP1 mRNA expressions among the 53 ESCC tissue samples was assessed by Spearman correlation analysis. r = 0.5558, P \< 0.0001. (**J**) Examination of miR-383 expression by RT-qPCR in TE-1 and Eca109 cells that were transfected with either antagomir-NC or antagomir-383. \*P \< 0.05 vs the antagomir-NC group. (**K, L**) Si-FGD5-AS1 in combination with either antagomir-NC or antagomir-383 was transfected into TE-1 and Eca109 cells. After the transfection, mRNA and protein levels of SP1 were respectively analyzed through RT-qPCR and Western blotting. \*P \< 0.05 vs the si-NC group, ^\#^P \< 0.05 vs group si-FGD5-AS1+antagomir-NC.

As *FGD5-AS1* and *SP1* mRNA share the same miR-383-binding site, we hypothesized that *FGD5-AS1* may regulate SP1 expression by functioning as a ceRNA for miR-383 in ESCC cells. RT-qPCR and Western blotting were carried out to respectively measure SP1 mRNA and protein expression in *FGD5-AS1*-deficient TE-1 and Eca109 cells. The *FGD5-AS1* knockdown reduced the expression of SP1 in TE-1 and Eca109 cells at the mRNA ([Figure 4G](#F0004){ref-type="fig"}, P \< 0.05) and protein levels ([Figure 4H](#F0004){ref-type="fig"}, P \< 0.05). Spearman correlation analysis was also performed to evaluate the expression correlation between *FGD5-AS1* and SP1 mRNA in ESCC tissue samples. As displayed in [Figure 4I](#F0004){ref-type="fig"}, expression of *FGD5-AS1* was positively correlated with that of SP1 mRNA expression in the 53 ESCC tissues (r = 0.5558, P \< 0.0001). Rescue experiments were conducted to determine whether *FGD5-AS1* controls SP1 expression in ESCC cells through interactions with miR-383. Antagomir-383 transfection markedly reduced the expression of miR-383 in TE-1 and Eca109 cells as evidenced by RT-qPCR ([Figure 4J](#F0004){ref-type="fig"}, P \< 0.05). Si-FGD5-AS1 together with either antagomir-383 or antagomir-NC was transfected into TE-1 and Eca109 cells and then RT-qPCR and Western blotting were performed. The effects of the *FGD5-AS1* knockdown on SP1 mRNA ([Figure 4K](#F0004){ref-type="fig"}, P \< 0.05) and protein amounts ([Figure 4L](#F0004){ref-type="fig"}, P \< 0.05) were reversed by antagomir-383. Thus, *FGD5-AS1* may positively regulate SP1 expression in ESCC cells by sponging miR-383.

The *FGD5-AS1* Knockdown Inhibits the Malignancy of ESCC Cells Through the miR-383--SP1 Axis {#S0003-S2005}
--------------------------------------------------------------------------------------------

Rescue experiments were conducted to test whether the oncogenic activities of *FGD5-AS1* in ESCC cells are dependent on the miR-383--SP1 axis. To this end, TE-1 and Eca109 cells were cotransfected with si-FGD5-AS1 and either antagomir-383 or antagomir-NC and cell proliferation, apoptosis, migration, and invasion were studied in the cotransfected cells. The inhibition of proliferation ([Figure 5A](#F0005){ref-type="fig"}, P \< 0.05), promotion of apoptosis ([Figure 5B](#F0005){ref-type="fig"}, P \< 0.05), and suppression of the migratory ([Figure 5C](#F0005){ref-type="fig"}, P \< 0.05) and invasive ([Figure 5D](#F0005){ref-type="fig"}, P \< 0.05) capabilities of *FGD5-AS1-*deficient TE-1 and Eca109 cells were greatly reversed upon antagomir-383 cotransfection.Figure 5The miR-383 knockdown can reverse the suppressive effects of the *FGD5-AS1* knockdown on the malignant characteristics of TE-1 and Eca109 cells. (**A, B**) Si-FGD5-AS1 was cotransfected with either antagomir-383 or antagomir-NC into TE-1 and Eca109 cells. The proliferation and apoptosis were studied by the CCK-8 assay and flow cytometry. \*P \< 0.05 vs the si-NC group. ^\#^P \< 0.05 vs group si-FGD5-AS1+antagomir-NC. (**C, D**) Transwell migration and invasion assays were performed to examine the migratory and invasive capabilities of TE-1 and Eca109 cells that were treated as described above. \*P \< 0.05 vs group si-NC. ^\#^P \< 0.05 vs group si-FGD5-AS1+antagomir-NC.

Similarly, we restored SP1 expression in the *FGD5-AS1-*deficient TE-1 and Eca109 cells via cotransfection with the SP1-overexpressing plasmid (pc-SP1) and carried out the CCK-8 assay, flow-cytometric analysis, and Transwell migration and invasion assays. First, the efficiency of pc-SP1 transfection was verified by Western blotting ([Figure 6A](#F0006){ref-type="fig"}, P \< 0.05). The reduction in *FGD5-AS1* expression inhibited TE-1 and Eca109 cell proliferation ([Figure 6B](#F0006){ref-type="fig"}, P \< 0.05) and promoted apoptosis ([Figure 6C](#F0006){ref-type="fig"}, P \< 0.05); these alterations were notably attenuated by the recovery of SP1 expression. In addition, the effects of the *FGD5-AS1* knockdown on the migration ([Figure 6D](#F0006){ref-type="fig"}, P \< 0.05) and invasiveness ([Figure 6E](#F0006){ref-type="fig"}, P \< 0.05) of TE-1 and Eca109 cells were weakened by the reintroduction of SP1. Therefore, these results meant that the miR-383--SP1 axis mediates the stimulatory influence of *FGD5-AS1* on the malignant behavior of ESCC cells.Figure 6SP1 reintroduction can abrogate the effects of the *FGD5-AS1* knockdown on the malignant characteristics of TE-1 and Eca109 cells. (**A**) Western blotting was conducted to determine the efficiency of pc-SP1 transfection in TE-1 and Eca109 cells. \*P \< 0.05 compared with the empty pcDNA3.1 vector group. (**B**--**E**) The proliferation, apoptosis, migration, and invasiveness of TE-1 and Eca109 cells cotransfected with si-FGD5-AS1 and either plasmid ps-SP1 or the empty pcDNA3.1 vector were respectively investigated by the CCK-8 assay, flow-cytometric analysis, and Transwell migration and invasion assays. \*P \< 0.05 vs the si-NC group. ^\#^P \< 0.05 vs group si-FGD5-AS1+pcDNA3.1.

The *FGD5-AS1* Knockdown Reduces Tumor Growth of ESCC Cells in vivo {#S0003-S2006}
-------------------------------------------------------------------

In vivo tumor xenograft experiments were conducted to examine the impact of *FGD5-AS1* on the tumor growth of ESCC cells in vivo. TE-1 cells stably transfected with either sh-FGD5-AS1 or sh-NC were subcutaneously injected into the flanks of nude mice. The volume ([Figure 7A](#F0007){ref-type="fig"} and [B](#F0007){ref-type="fig"}, P \< 0.05) and weight ([Figure 7C](#F0007){ref-type="fig"}, P \< 0.05) of the resultant tumor xenografts in the sh-FGD5-AS1 group were much smaller than those in the sh-NC group. The tumor xenografts were resected at the end of this experiment and subjected to RT-qPCR and Western blotting analyses. The tumor xenografts derived from sh-FGD5-AS1--transfected TE-1 cells manifested decreased *FGD5-AS1* ([Figure 7D](#F0007){ref-type="fig"}, P \< 0.05), increased miR-383 ([Figure 7E](#F0007){ref-type="fig"}, P \< 0.05), and downregulated SP1 protein ([Figure 7F](#F0007){ref-type="fig"}, P \< 0.05) levels in comparison with the sh-NC group. In brief, the *FGD5-AS1* knockdown targeted the miR-383--SP1 axis, thereby retarding the tumor growth of ESCC cells in vivo.Figure 7The knockdown of *FGD5-AS1* retards in vivo tumor growth of ESCC cells by reducing miR-383--SP1 axis output. (**A**) The volumes of tumor xenografts were measured for 1 month starting on day 10. The growth curve was plotted according to the time points and tumor volume data. \*P \< 0.05 vs the sh-NC group. (**B**) Representative images of tumor xenografts obtained from the sh-FGD5-AS1 group and sh-NC group. (**C**) At the end of the experiment, the tumor xenografts in the sh-FGD5-AS1 group and sh-NC group were excised and weighed. \*P \< 0.05 compared with the sh-NC group. (**D, E**) RT-qPCR was carried out to test *FGD5-AS1* and miR-383 expression in the tumor xenografts. \*P \< 0.05 vs the sh-NC group. (**F**) Western blotting was performed to determine the protein amount of SP1 in the tumor xenografts. \*P \< 0.05 vs the sh-NC group.

Discussion {#S0004}
==========

The complicated nature of the pathogenesis of ESCC has seriously hampered relevant clinical research and therapy.[@CIT0028],[@CIT0029] In the past few years, several lines of evidence revealed that lncRNAs are aberrantly expressed in ESCC and that this aberration is deeply implicated in the aggressive phenotype of ESCC cells.[@CIT0030]--[@CIT0032] Therefore, lncRNAs have potential as effective diagnostic and therapeutic targets in ESCC. Although numerous lncRNAs have been validated to be closely linked to ESCC progression, only a small minority of lncRNAs has been studied well, leaving multiple crucial issues to be resolved. Here, we attempted to explore the expression characteristics of *FGD5-AS1* in ESCC and determine whether *FGD5-AS1* can regulate the malignancy of ESCC in vitro and in vivo.

*FGD5-AS1* is overexpressed in colorectal cancer.[@CIT0019] Depletion of *FGD5-AS1* inhibits colorectal cancer cell proliferation, migration, and invasion and increases apoptosis in vitro.[@CIT0019] *FGD5-AS1* also plays an important part in small cell lung cancer[@CIT0020] and clear cell kidney carcinoma.[@CIT0021] Nevertheless, the expression and roles of *FGD5-AS1* in ESCC have not yet been clarified. Herein, we performed RT-qPCR analysis to determine *FGD5-AS1* expression in ESCC and demonstrated that *FGD5-AS1* is upregulated in ESCC tumors and cell lines. High *FGD5-AS1* expression showed a significant correlation with tumor size, TNM stage, lymph node metastasis, and shorter overall survival among patients with ESCC. In terms of function, the *FGD5-AS1* knockdown led to an obvious reduction in cell proliferation, migration, and invasion as well as induction of apoptosis. Furthermore, *FGD5-AS1* silencing retarded the tumor growth of ESCC cells in vivo. However, in this study, we did not perform rescue assays in tumor growth experiment to validate the in vitro mechanistic findings. It was a limitation of our study, and we will resolve it in the near future.

LncRNAs act as ceRNAs competitively interacting with miRNAs and thus upregulate specific mRNAs.[@CIT0033] As for the mechanism, *FGD5-AS1* can increase CDCA7 expression by sponging miR-302e and thereby raises the malignancy of colorectal cancer.[@CIT0019] To gain a complete understanding of the oncogenic activities of *FGD5-AS1* in ESCC, a series of experiments was conducted in this study to elucidate the mechanism of action. First, a bioinformatic prediction indicated that *FGD5-AS1* contains a putative miR-383-binding site. Second, luciferase reporter and RIP assays suggested that miR-383 can directly interact with *FGD5-AS1* in ESCC cells. Third, the knockdown of *FGD5-AS1* increased the expression of miR-383 in ESCC cells. Fourth, miR-383 turned out to be only weakly expressed in ESCC tissue samples, manifesting an inverse correlation with *FGD5-AS1* expression. Fifth, the knockdown of *FGD5-AS1* decreased SP1 expression in ESCC cells at both the mRNA and protein levels and the positive influence of *FGD5-AS1* on SP1 expression was demonstrated to be mediated by the sponging of miR-383. Finally, the miR-383 knockdown and SP1 overexpression greatly attenuated the inhibitory influence of the *FGD5-AS1* knockdown on the malignancy of ESCC cells. As a consequence, our study proved that *FGD5-AS1* performs a tumor-promoting function in ESCC cells by acting as a ceRNA on miR-383 and thereby upregulating SP1.

MiR-383 exerts important actions on the progression of various human cancers. For example, miR-383 is underexpressed in gastric cancer,[@CIT0023],[@CIT0024] thyroid cancer,[@CIT0025] hepatocellular carcinoma,[@CIT0025] and ovarian cancer.[@CIT0026] Functionally, miR-383 serves as a tumor-suppressive miRNA in the above-mentioned human cancer types. On the contrary, miR-383 is upregulated in cholangiocarcinoma[@CIT0027] and stimulates cancer progression. To our knowledge, this study is the first to show that miR-383 expression is low in ESCC and that miR-383 directly targets *SP1* mRNA in ESCC cells.

*SP1*, located in chromosomal region 12q13.1, encodes a sequence-specific DNA-binding protein.[@CIT0034] SP1 is capable of either stimulating or inhibiting the activity of gene promoters by directly interacting with GC/GT-rich promoter elements via its C(2)H(2)-type zinc fingers in C-terminal domains.[@CIT0035] The dysregulation of SP1 contributes to cancer initiation and progression by affecting a wide variety of biological behaviors.[@CIT0036]--[@CIT0038] SP1 is also reported to be highly expressed in ESCC, and the upregulation of SP1 is closely related to the malignant progression of ESCC.[@CIT0039]--[@CIT0041] Our study indicates that the knockdown of *FGD5-AS1* reduces miR-383 sponging, thus reducing SP1 expression in ESCC, thereby diminishing the malignancy of ESCC cells in vitro and in vivo. These results point to an ESCC pathogenesis-related regulatory network, which is composed of *FGD5-AS1*, miR-383, and SP1. This knowledge about the *FGD5-AS1*--miR-383--SP1 pathway may help to identify potential diagnostic and therapeutic targets in ESCC.

Conclusion {#S0005}
==========

A knockdown of *FGD5-AS1* suppresses the malignant phenotype of ESCC cells both in vitro and in vivo by inhibiting miRNA sponging and thus increasing the binding of miR-383 to *SP1* mRNA. Therefore, this study validated the importance of the *FGD5-AS1*--miR-383--SP1 axis in ESCC tumorigenesis and offers a novel insight into the mechanism underlying the formation and progression of ESCC.
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